Objective: To report the dietary energy and protein intake of undernourished older adults (with and without cognitive impairment) admitted to hospital following a lower limb fracture and to determine whether dietary intakes met estimated requirements. Design: An observational study of a sequential sample. Setting: The orthopaedic ward of a South Australian metropolitan teaching hospital. Subjects: Sixty-eight patients aged X70 years screened as undernourished and admitted to hospital following lower limb fracture (50% cognitively impaired) provided 3 to 5 days of dietary data. Major outcome methods: Dietary energy and protein intake. Methods: Dietary assessment using plate waste methodology and snack record charts commenced within 6 days postinjury and continued for up to five consecutive days or until discharge. Estimated resting energy requirements were calculated and adjusted for activity equivalent to bed rest and physiological stress. Protein requirements were calculated as 1 g/kg/day. Cognition was assessed using the Short Portable Mental Status Questionnaire. Results: Cognitively impaired participants and those without cognitive impairment consumed, mean (95% CI) respectively, 3661 kJ/day (3201, 4121) versus 4208 kJ/day (3798, 4619) and 38 g (33, 44) versus 47 g (41, 52) protein/day. Cognitively impaired participants consumed mean (95% CI) 48% (43, 53) of estimated total energy expenditure and 78% (69, 87) of estimated protein requirements. Conclusions: Orthopaedic fracture patients at greatest nutritional risk, including those with cognitive impairment, do not achieve estimated energy or protein requirements from diet alone. Effective methods of achieving requirements in this vulnerable group are needed before improvements in outcomes will be observed.
Introduction
The prevalence of poor nutritional status among older adults admitted to hospital with hip fracture ranges from 18 (Koval et al., 1999) to 63% (Murphy et al., 2000) . It has been reported that the nutritional status of these patients deteriorates further during admission (Jallut et al., 1990; Brown and Seabrook, 1992; Unosson et al., 1995; Paillaud et al., 2000; Bachrach-Lindstrom et al., 2001) and that being undernourished has an adverse impact on recovery (Bastow et al., 1983; Koval et al., 1999) . Despite this, very few studies provide information of sufficient detail to inform clinical practice.
Factors influencing decline in nutritional status during admission in this patient group are likely to be numerous including lack of recognition and treatment of undernutrition (McWhirter and Pennington, 1994; Miller et al., 2001) and increased dietary requirements (Jallut et al., 1990; Paillaud et al., 2000) . In addition poor appetite and oral dietary intake are likely to be significant contributing factors, with studies consistently reporting dietary energy intakes below estimated requirements (Older et al., 1980; Stableforth, 1986; Brown and Seabrook, 1992; Lumbers et al., 2001) . A wide range in daily energy intakes have been reported, 2630 kJ (Duncan et al., 2001 ) 7560 kJ (Bastow et al., 1983) and daily protein intakes, 26 kJ (Duncan et al., 2001) 53 g (Lawson et al., 2003) . However, many of these studies date back at least 15 years (Hessov, 1977; Older et al., 1980; Bastow et al., 1983; Dickerson et al., 1984; Stableforth, 1986) , use questionable dietary intake methodology for assessment of current intake (e.g. food frequency questionnaire) (Schurch et al., 1998) or for patients post anaesthesia (e.g. 24 h recall) (Murphy et al., 2000; Lumbers et al., 2001) and few have looked specifically at those who were undernourished or nutritionally at risk on admission to the acute care setting (Bastow et al., 1983; Brown and Seabrook, 1992; Volkert et al., 1996; Murphy et al., 2000) .
An important limitation of existing work on dietary intake is the lack of attention to the impact of cognitive factors although cognitive impairment is prevalent in hip fracture patients. In many intake studies cognitive impairment is an exclusion criteria (Bastow et al., 1983; Jallut et al., 1990; Brown and Seabrook, 1992; Patterson et al., 1992; Sullivan et al., 1998; Murphy et al., 2000; Lawson et al., 2003; Eneroth et al., 2005) or has not been reported (Hessov, 1977; Older et al., 1980; Dickerson et al., 1984; Stableforth, 1986; MollerMadsen et al., 1988; Delmi et al., 1990; Hartgrink et al., 1998) . Those studies that have included patients with cognitive impairment have not reported intake data according to cognitive status (Volkert et al., 1996; Duncan et al., 2001; Lumbers et al., 2001) , despite evidence that eating behaviours associated with decreased dietary intake (e.g. food refusal, skipping meals, fluctuations in appetite) are common among cognitively impaired older adults Volicer et al., 1989) . Studies evaluating energy intake in older adults with cognitive impairment have mostly been among those with Alzheimer's Disease in the residential aged care setting. To date, findings have been relatively inconsistent. Some have reported intakes adequate to meet requirements (Winograd et al., 1991; Spindler et al., 1996) , higher (Deijen et al., 2003) or similar to those without cognitive impairment (Renvall et al., 1989; Franzoni et al., 1996) , whereas others have reported intake insufficient to meet requirements and lower than those without cognitive impairment (Litchford and Wakefield, 1987) .
Currently there is inadequate evidence to support routine nutritional supplementation in hip fracture patients (Avenell and Handoll, 2005) . A common feature of previous randomised controlled trials of oral nutritional supplements is that individual nutritional status, energy and protein requirements and volitional dietary intakes are not accounted for in the prescription of the supplement. Hence inadequate amounts may be given to meet requirements, which in turn may dilute potential effects. In addition poor adherence to oral supplements is common resulting in wastage and potential patient and family burden.
A greater understanding of the volitional dietary intake of hip fracture patients in general and more specifically those with cognitive impairment, is needed to determine whether these patients are capable of meeting nutritional needs through diet alone and if not, alternative strategies that are suitable, feasible and effective. This knowledge can be used to inform nutritional management and support and contribute to the development of nutritional interventions and protocols that improve recovery of all malnourished hip fracture patients, including those with cognitive impairment.
The aims of this study were to report the volitional dietary energy and protein intake of undernourished older adults admitted to hospital following a lower limb fracture, determine whether dietary intakes met estimated requirements and evaluate whether those with cognitive impairment achieved similar intakes to patients without cognitive impairment.
Methods

Participant selection
The data reported in this paper are from a subsample of participants in the ENERGII Trial (Evaluation of Nutrition and Exercise as Geriatric Injury Interventions). The ENERGII Trial was a randomised controlled trial aimed at evaluating the health benefits of an individualised nutrition support program and/or a progressive resistance lower limb training program among 100 older adults admitted to hospital following a fall-related lower limb fracture. All patients recruited to participate in the trial were undernourished as defined by a mid-arm circumference (MAC) less than the 25th percentile, 27.0 and 26.3 cm for males and females, respectively (Centre for Ageing Studies, 1993) . MAC was used for eligibility screening as an alternative to body mass index (BMI) owing to the associated practical difficulties in obtaining accurate weight and height measurements in older patients in general but more specifically in patients with limited mobility immediately following lower limb fracture and/or surgery. The World Health Organization recommends the use of MAC for screening older adults for nutritional interventions (World Health Organization, 1995) and there is evidence that MAC is predictive of poorer intakes and health outcomes after hip fracture (Bastow et al., 1983) . Ethical approval was obtained from the Flinders Clinical Research and Ethics Committee. Written informed consent was obtained between day 2 and day 6 postinjury from each participant and/or next of kin in the presence of cognitive impairment.
Demographics
The medical case notes of each participant were reviewed upon consent and following discharge from hospital for demographic information. Data collected included age, gender, preadmission accommodation (community setting, residential care setting), fracture location (hip, other lower limb), date of admission to and discharge from hospital.
Assessment of cognitive status
Cognition was assessed upon consent to participate in the trial using the Short Portable Mental Status Questionnaire (SPMSQ) (Pfeiffer, 1975) . Impaired cognition was defined as scoring 41 error for participants who were educated beyond high school, 42 errors for high school educated and 43 errors for grade school educated.
Anthropometric assessment of nutritional status
A trained assessor performed all anthropometric measurements within 24 h of obtaining consent to participate in the study according to standard procedures (Norton and Olds, 1996) . MAC was measured to the nearest 0.1 cm midway between the tip of the acromion and the olecranon using a metric flexible steel tape measure (KDS Tokyo, Japan). MAC was measured three times on the right arm of each participant (unless affected by disease or disability), and the mean value used. Body weight was measured using a calibrated digital weigh chair (A&D Mercury Pty Ltd, Adelaide, Australia) to the nearest 0.1 kg in light clothing and without shoes. Knee height was measured using a portable knee height caliper to the nearest 0.1 cm using the recommended technique (Ross Laboratories OH, USA). Estimated stature was calculated according to equations published by Chumlea et al. (1985) 
Dietary assessment
All dietary assessments were performed while participants were inpatients in the acute care setting. Dietary intake was assessed by a dietitian for three to five consecutive days following consent to participate in the study (i.e. commencing between day 2 and day 6 postinjury). Modified plate waste method was used to determine total energy and protein intake of participants. The aim was to collect 5 days of intake data as this was the number of days of diet intake assessment reportedly required to rank subjects energy and protein intake with an acceptable level of accuracy (rX0.9) (Nelson et al., 1989) . Some participants were discharged before the 5-day collection was completed and only those with 3 or more days of intake data have been included. The inpatient food service consists of a fortnightly menu rotation with most meal components (e.g. meat dish, potato, other vegetables) prepared in bulk, frozen and delivered to the hospital by a contracted organisation. Standard recipes are available for all meal components and standard portion sizes recommended. All meals are heated, plated and placed on a tray with other standard meal components. Examples of these items include slices of bread, packaged individual commercial biscuits, portions of spreads and cheese and pieces of fruit. The trays are then distributed from a central hospital kitchen. Portion and quality control of meals and trays is supervised by hospital catering staff. Prior to the study commencing, the average weight of six portions of each meal component was determined and used for subsequent analyses as the standard portion size. The coefficient of variation for portion weight of a sample of 25 menu items ranged from 3 to 19%. The amount of each meal component (food and fluid) remaining on the participants meal tray at each meal was weighed using calibrated electronic kitchen scales (AND Tokyo, Japan). The weight of all the meal components remaining on the used meal tray was subtracted from the respective standard portion size of each meal component that had been plated and placed on the tray in the central kitchen thereby giving an estimate of the amount of each meal component consumed. Mid-meal snacks were recorded on a food chart by nursing staff, the participant and their families. Nursing staff, the participant and their families were instructed to document mid-meal snacks with as much detail as possible, including product manufacturer, weight and/or portion size. The dietitian confirmed details with the nursing staff, participant or family if documentation was unclear. The total weight of all the meal components consumed from the meal tray and the mid-meal snacks and drinks recorded on the food chart was taken to be the total amount of food and fluid intake for the day. The recipe for each meal component was entered to create a new food item in the database of foods within the dietary analysis software (SERVE Nutrition Management System. Version 3.0 M & H Williams Pty Ltd, Sydney Australia 2000). The nutrient intake from each component was calculated according to the number of serves per recipe and the proportion of a single serve consumed. Nutrient content for individual and commercially manufactured meal components such as drinks, slices of bread and fruit, snack foods and desserts were available to be selected from within the dietary analysis software. Energy (kJ/day) and protein intake (g/day) were then averaged over the number of days of intake data collected.
Twenty participants were randomly allocated to receive the nutrition support program (individualised volume of a complete, high-energy oral sip feed providing 6.3 kJ/ml, 16% protein, 35% fat and 49% carbohydrate) as part of the ENERGII trial and consumed at least part of the prescribed volume during the dietary intake assessment period. The energy and protein content of supplement consumed was not included in the estimate of total energy and protein intake for the overlapping days for these participants.
Estimating dietary requirements
Individual energy requirements were estimated using the age and gender-specific Schofield equations (Schofield, 1985) to predict resting energy expenditure (REE) which was then multiplied by an activity factor of 1.2 representing bed rest (Warwick, 1989 ) and a stress factor of 1.35 (Long et al., 1979) to provide an estimate of total energy expenditure (TEE) or requirements. Individual protein requirements were estimated using 1 g/kg/day, the upper limit for safe and adequate intake for virtually all healthy men and women aged 19 years and older (National Research Council, 1989) .
Statistical analyses
All statistical analysis was performed using SPSS 11.5.0 for Windows (2002) with a significance level of a ¼ 0.05 (Po0.05) applied throughout. Descriptive and frequency based analysis was used to describe the characteristics of the sample. Data are expressed as mean (95% CI), median (95% CI) or n (%). For participants with five complete days of dietary intake data (n ¼ 48), pattern of energy and protein intake was examined over time using general linear model repeated measures ANOVA. Independent samples t-tests were used to examine differences according to cognitive status for normally distributed continuous data, Mann-Whitney U for continuous data of non-normal distribution. w 2 -Tests of association were used to examine differences in gender and fracture location according to cognitive status.
Results
Description of the participants Sixty-eight participants contributed between 3 and 5 days of dietary intake data (3 days n ¼ 10, 4 days n ¼ 10, 5 days n ¼ 48), the remaining participants (n ¼ 32) being transferred to an alternative hospital or discharged home. There were no differences in age, gender, fracture location, admission accommodation or cognition between those participants providing between 3 and 5 days of intake data compared to those providing less than 3 days of data. The mean (95% CI) age of the 68 participants was 84 (83, 86) years, 77% (n ¼ 52) were female, 87% (n ¼ 59) had suffered a hip fracture (n ¼ 6 or 9% pubic ramus; n ¼ 3 or 4% femur or tibia) and 77% (n ¼ 52) were admitted to hospital from the community setting. The median (95% CI) length of stay in the acute hospital setting was 13 (11, 17) days. Thirty-four (50%) participants were cognitively impaired according to the SPMSQ. Twenty participants (n ¼ 8 cognitively impaired) consumed nutritional supplement during the dietary intake assessment period. Median (95% CI) days where nutritional supplement was consumed during the dietary intake assessment was 2 (2, 3) days. For participants that consumed nutritional supplement during the dietary intake assessment there was no difference in average energy and protein intake from diet alone on the days supplement was consumed compared to the days no supplement was consumed (P ¼ 0.192 and P ¼ 0.574 for energy and protein, respectively). Figure 1 shows the mean (95% CI) average daily energy intake of the 68 participants relative to estimated REE, with and without theoretical adjustments made for activity and the physiological stress of injury and surgery. Participant energy intake from diet alone provided mean (95% CI) 81% (75, 86) of estimated REE or 50% (46, 53) of TEE (included adjustments for activity and stress factors). Participants achieved 81% (74, 88) of estimated protein requirements through dietary intake.
Nutritional status and dietary intake of participants
Comparison of participants with and without cognitive impairment Participants assessed as cognitively impaired (n ¼ 34) were more likely to have been admitted to hospital from residential care (n ¼ 15, 44% versus n ¼ 1, 3%, Po0.001) and have a longer median (95% CI) length of stay in the acute care setting, 17 (12, 28) days versus 11 (8, 13) days (P ¼ 0.002). There were no differences in age, gender (X 2 ) or location of fracture (X 2 ) across the two cognition groups (P40.05). Table 1 presents data on the nutritional status and dietary intake of participants according to cognitive status.
Cognitively impaired female participants were lighter than female participants with no cognitive impairment, P ¼ 0.007 and consumed less dietary protein, P ¼ 0.048. Figure 1 shows the mean (95% CI) daily energy intake and estimated requirements of participants according to cognitive status. Intake of cognitively impaired participants provided mean (95% CI) 77% (69, 85) of estimated resting energy requirements through dietary intake compared to 84% (76, 92) for participants who were not cognitively impaired, P ¼ 0.220. When adjustments to REE were made for physical activity, intake of cognitively impaired participants provided mean (95% CI) 64% (58, 71) of estimated total energy requirements through dietary intake compared to 70% (63, 77) for participants who were not cognitively impaired, P ¼ 0.220. When further adjustments were made to TEE for stress, participants with cognitive impairment achieved mean (95 % CI) of 48% (43, 53) estimated total energy requirements compared to 52% (47, 57) for participants that were not cognitively impaired (P ¼ 0.220). Cognitively impaired participants achieved mean (95% CI) of 78% (69, 87) of estimated protein requirements through dietary intake compared with those not cognitively impaired, 85% (74, 96) (P ¼ 0.310).
Discussion
The participants in this study were nutritionally vulnerable as they were selected to be undernourished on admission and half were assessed as cognitively impaired. The findings of this study suggest that undernourished older adults in the early phase of recovery from lower limb fracture have poor dietary intake that provides 80% of estimated protein requirements and 50% of estimated energy requirements based on REE adjusted for bed rest activity level and stress. The inability to meet estimated protein and energy requirements suggests these participants were at risk of further deterioration in nutritional status with potential adverse consequences in terms of recovery.
There is considerable variation in subject selection and the methods used to assess dietary intake in the literature reporting energy and protein intake of hip fracture patients. Dietary energy intake of the undernourished participants in this study was approximately 4000 kJ/day. In the three studies that have reported selecting participants to be undernourished and have documented dietary energy intake while patients were in the acute care setting (Bastow et al., 1983; Volkert et al., 1996; Murphy et al., 2000) , findings have been inconsistent with values ranging between 2950 Nutritional status was assessed upon receiving consent to participate in the study (range: day 2 to day 6 postfracture). Energy and protein intake averaged over 3-5 consecutive days (n ¼ 10, n ¼ 10, n ¼ 48 with 3, 4 and 5 days intake data, respectively). b Cognition assessed using the Short Portable Mental Status Questionnaire (Pfeiffer, 1975) . Impaired cognition defined as scoring 41 error for participants who were educated beyond high school, 42 errors for high school educated and 43 errors for grade school educated. Po0.05 for comparison according to cognitive status using an independent samples t-test. All values represent mean (95% CI). CI ¼ confidence interval; eBMI ¼ body mass index (kg/m 2 ) using stature estimated from knee height (Chumlea et al., 1985) . (Murphy et al., 2000) and 5800 kJ/day (Bastow et al., 1983) . The varied criteria used to define undernutrition are a likely factor for this large variation in findings. Bastow et al. (1983) used a combination of triceps skinfold thickness and MAC more than one standard deviation below the mean of a reference data set while Murphy et al. (2000) classified patients as malnourished according to the Mini Nutritional Assessment (Guigoz et al., 1994) . Another factor potentially contributing to the variation in findings is likely to be the methodology used to assess dietary intake. Bastow et al. (1983) reported dietary energy intake of thin (n ¼ 72, 5700 kJ/day) and very thin (n ¼ 48, 4200 kJ/day) women (mean age 78 and 82 years, respectively, no cognitive impairment) using a technique involving the patient, relatives and nursing staff charting the amount of food left at the end of each meal (duration not reported). Volkert et al. (1996) , using similar methodology to the present study, reported dietary energy intake (4180 kJ) of 26 female hip fracture patients assessed as undernourished according to clinical judgement. Volkert et al. (1996) used a weighed food record to estimate dietary intake and reported that 35% of the sample was cognitively impaired. Murphy et al. (2000) evaluated dietary energy intake of only eight undernourished (mean BMI 19 kg/m 2 ; 2847 kJ/day) female orthopaedic patients (mean age 80 years, cognitively impaired excluded) using three consecutive 24 h recalls commencing day 5 after surgery. In contrast to the studies by Bastow et al. (1983) and Murphy et al. (2000) , the present study used dietary intake methodology that did not rely on recall or on participants, relatives and/or nursing staff to record intake. This is important as the prevalence of acute confusion following hip fracture has been reported to be as high as 65% (Gustafson et al., 1988) . Other strengths of the present study include measurement of dietary intake for a sufficient length of time to enable an accurate estimation, similar or larger sample size than previous work, included males and included those with cognitive impairment.
Only one study reporting dietary energy intake of undernourished hip fracture patients has clearly described intake in terms of estimated requirements (Murphy et al., 2000) . Murphy et al. (2000) states that no participants consumed the estimated average requirement (EAR) for energy intake and that as nutritional status improved according to the Mini Nutritional Assessment (Guigoz et al., 1994) so too did energy intake, with those classified as well nourished achieving a greater proportion of EAR compared to undernourished participants. The EAR used by Murphy et al. (2000) applies to healthy free-living older adults and was not adjusted for the theoretical increased requirement associated with the physiological stress of surgery and injury (Long et al., 1979) . If these theoretical adjustments are made, the shortfall between intake and requirements becomes an even greater concern as is illustrated in the present study whereby only 50% of estimated energy requirements are achieved if corrections are made to account for activity and stress. The inability of hip fracture patients to meet estimated energy requirements through dietary intake is further supported in the literature, which provides evidence to suggest that clinically significant weight loss is commonly seen during recovery (Brown and Seabrook, 1992; Bruce et al., 2003) .
These results suggest that for hip fracture patients, particularly those with cognitive impairment, to achieve estimated energy requirements and prevent further deterioration in nutritional status, additional nutritional support is required. A common strategy in clinical practice is the provision of oral nutritional supplements, however, the evidence that nutritional status is preserved and improved outcomes are achieved remains weak (Avenell and Handoll, 2005) . Provision of oral nutritional supplements can increase total energy intake (Delmi et al., 1990; Brown and Seabrook, 1992) , even in undernourished patients as described in this study. However, the ability of patients to achieve the shortfall between dietary intake and estimated requirements (i.e. 56% of estimated requirements ¼ 2607 kJ ¼ 620 ml of 1 kcal/ml oral nutritional supplement for a 50 kg woman aged 460 years at rest) from this strategy alone remains relatively unknown. Participants allocated to receive the nutritional supplement in this study were only able to consume a median of 454 ml of a 1.5 kcal/ml oral supplement (data not shown). According to other similar studies in hip fracture patients, achieving intake of oral nutritional supplements in excess of this is improbable given the evidence to suggest that adherence is notoriously poor Figure 1 Mean (95% CI) daily energy intake (measurement of daily energy intake commenced between day 2 and day 6 postinjury and continued for 3-5 consecutive days) and estimated energy expenditure/requirements calculated using the Schofield (1985) equation (Schofield equation adjusted for activity and physiological stress) for 68 undernourished adults aged X70 years -20 participants (n ¼ 8 cognitively impaired) consumed nutritional supplement during the dietary intake assessment period (median 2 days overlap). These participants are included in the figure; estimations do not include the energy and protein consumed from the supplements on the days of overlap admitted to hospital following a lower limb fracture and according to cognitive function. REE: estimated REE calculated using the Schofield (1985) equation appropriate for age and gender. TEE-1: total energy expenditure, REE adjusted for an activity level of 1.2 (Warwick, 1989) . TEE-2: total energy expenditure, REE adjusted for an activity level of 1.2 (Warwick, 1989 ) and 1.35 for stress associated with injury and surgery Long et al. (1979) . (Williams et al., 1989; Espaulella et al., 2000; Bruce et al., 2003) . The data presented in this study also suggests that protein intake does not meet estimated requirements, although the shortfall is much narrower than that seen for energy intake. This is consistent with evidence from healthy elderly that suggests that protein intake is not compromised to the same degree as energy (Lumbers et al., 2001) . It is, however, possible that requirements are elevated perhaps as high as 1.5 g/kg/day during periods of recovery from hip fracture (Patterson et al., 1992) . Further research is required to determine more accurate estimations of protein requirements in hip fracture patients and hence determine the shortfall needing to be met through nutrition support strategies.
Some caveats need to be taken into account when considering these results. The participants were undernourished and therefore the findings are limited in terms of generalisability to all patients admitted to hospital following a fall-related lower limb fracture. Undernutrition, however, is evident among a large proportion of hip fracture patients, up to 63% (Murphy et al., 2000) . Only intake data for energy and protein have been reported while there is evidence to suggest that these patients may also have insufficient intakes of other dietary components including calcium (Brown and Seabrook, 1992; Murphy et al., 2000; Lumbers et al., 2001) , vitamin D (Murphy et al., 2000; Lumbers et al., 2001) , iron (Brown and Seabrook, 1992; Murphy et al., 2000) , ascorbic acid (Brown and Seabrook, 1992) and zinc (Murphy et al., 2000; Lumbers et al., 2001 ). We have not extended the dietary analysis to these nutrients as in situations where protein and energy intake are reduced it is likely that other dietary components will also be reduced. In addition more days of assessment would be required to validly assess micronutrient intake (Nelson et al., 1989) .
It should also be noted that this study recruited patients that had a lower limb fracture other than at the site of the hip. The heterogeneity of the sample may impact on the power of this study to demonstrate an effect. All patients included were assessed as undernourished on admission to hospital and hence assessment of dietary intake was considered important. Furthermore, inclusion of individuals other than hip fracture patients did not significantly alter the overall findings (data not shown).
It is important to highlight that 20 participants were receiving nutritional supplements at the time of the dietary intake assessment and to acknowledge the impact that this may have had on the findings presented in this manuscript. Although no difference in volitional intake was observed between days supplement was consumed and days when no supplement was consumed, the small sample size of this subgroup analysis limits our ability to generalise this finding. The evidence regarding the impact of oral nutritional supplements on volitional intake is conflicting. Both Roberts et al. (1994) and Rolls et al. (1995) suggest that older adults have an impairment in regulation of food intake and hence are unlikely to displace volitional intake with oral nutritional supplements. The majority of the evidence from randomised controlled trials in older adults, including orthopaedic patients, concurs, finding that oral nutritional supplements have little suppressive effect on food intake. In fact in some groups, oral nutritional supplements appear to improve volitional intake (Delmi et al., 1990; Reilly et al., 1995; Schols et al., 1995) . In contrast, there is evidence that older adults reach satiation more quickly and have slower gastric emptying (Cook et al., 1997) , although this study was performed using intraduodenal infusions rather than oral supplements. In one short-term study (n ¼ 50) using oral supplements in nursing home patients it was found that intake of the supplements was mostly offset by a reduction in volitional intake (Fiatarone Singh et al., 2000) . The inherent difficulties with accurate assessment of volitional intake and the unblinded nature of the majority of studies makes it difficult to determine the actual effect of oral nutritional supplements on volitional dietary intake.
Energy expenditure and hence requirements of patients recovering from hip fracture, especially those participating in physiotherapy, is poorly understood. In this study, we did not adjust for additional energy expenditure that could be associated with participation in an exercise program and therefore the difference between requirements and intake may be even greater than the findings reported here. The impact in this study, however, was likely to be minimal given the timing of assessment was within 2 weeks of recovery when mobility is restricted and strengthening programs are of minimal intensity. There were also no adjustments made for weight gain in this study despite participants being undernourished and hence there is potential for the shortfall between requirements and intake to widen even further.
The classification of cognitive impairment used in this study was not according to conventional methods. The SPMSQ is routinely used to classify patients into four levels of impairment: severe, moderate, mild and intact. For the purpose of this study, the severe, moderate and mild categories were collapsed to represent impairment as there were insufficient numbers to perform meaningful analyses across the four groups of cognitive status. It should be acknowledged, however, that there is evidence of fluctuation in cognition during admission to hospital and that many patients initially classified as having mild or moderate impairment may be suffering from an acute episode of delirium as opposed to having any long standing cognitive issue (Stromberg et al., 1997) . The analyses presented in this manuscript were repeated in response to this evidence, however, this had no impact on the findings presented (data not shown).
Strengths of the present study include participation of patients with cognitive impairment and attention to dietary assessment methodology. Dietary assessment in the clinical setting can be difficult, however, the methodology adopted in this study minimised demands on patients, staff and carers and also attempted to minimise errors with the conversion of estimates of portion sizes and amounts eaten into actual weights. It also collected data using dietary assessment methodology commonly used when testing the validity of alternative methods (Margetts and Nelson, 1998) . It must be acknowledged, however, that possible error may have been introduced, participants and staff may have inaccurately estimated portion sizes or failed to remember to document foods consumed between meals. Another strength was that intake was compared to estimates of requirements adjusted for the likely impact of stress from surgery and injury.
In conclusion, undernourished patients admitted to hospital following a fall-related lower limb fracture are unlikely to be meeting energy or protein requirements by approximately 20%, up to 50% for TEE if adjustments are made to account for activity and stress. This is concerning given that the shortfall between volitional dietary intake and energy and nutrient requirements must be met through alternative nutrition support strategies such as oral nutritional supplements if deterioration in nutritional status is to be avoided and optimal recovery is to be achieved. Patients admitted to hospital following a lower limb fragility fracture are at greatest nutritional risk, including those with cognitive impairment, require additional attention to promote intake, and further research is required to determine the most effective method of achieving requirements in this vulnerable patient group.
